The mammalian placenta is the most diverse organ in mammals, supporting a range of reproductive lifestyles-from singleton births to bunny-like multiples. It's also a developmentally malleable organ, responding to environmental factors such as maternal nutrition to influence embryonic and fetal development. Many genes involved in placental developmental also affect growth, size, and overall health of the fetus.
A new study in horses and their equine relatives supports the notion that the diversity and plasticity of this organ has a strong basis in the phenomenon of imprinting, where a gene is expressed predominantly from either the maternal or paternal allele. The new study also pinpoints an outsized role for paternally expressed genes.
Xu Wang and Donald Miller et al. examined gene expression in trophoblast cells, placental cells of fetal origin, in the offspring of horses crossed with donkeys: mules (donkey father) and hinnies (horse father). The horse and the donkey are genetically distinct at many loci, enabling the researchers to identify candidate imprinted genes by RNA sequencing. For instance, a paternally imprinted gene in the trophoblast cells of mules yields transcripts primarily from its donkey father.
Using this method, the researchers identified, and confirmed with further sequencing, 15 genes that are also known to be imprinted in other species, such as mice and humans. They also identified 78 new gene candidates imprinted in mules and hinnies. The researchers preformed additional sequencing analysis on six of these 78 genes, confirming that they are imprinted in these equid species and not in mice or humans.
Dramatically, almost all of the 93 imprinted genes were paternally expressed: ten of the previously known imprinted genes, and all of the newly identified genes. The researchers also found that the 78 newly identified genes showed paternal bias in the placenta, but not the fetus. The finding of a paternal bias contrasts with research in mice, which suggests that imprinting in the placenta is driven mainly by genes showing maternal expression. This discrepancy may be due to experimental methodology or because of differences in the organisms' reproductive lifestyles, the researchers suggest.
The study jibes with previous research showcasing the central role of imprinting in the placenta. Not all of the 100 or so genes imprinted in mice, for instance, are imprinted in humans; many of the imprinted genes that are unique to humans, curiously, are expressed in the placenta.
The new study also showed variability in silencing, with most genes surprisingly showing less than 100-percent silencing of the imprinted allele. The findings provide support for the idea that genomic imprinting of the placenta may be flexible enough to enable mammals to adapt to changing environmental conditions during gestation. Cellular receptors used in taste cells have a role in fertility in the testes, according to a new study. The findings raise the possibility that molecules in the environment that antagonize these receptors, such as certain pesticides, may contribute to male infertility.
A family of three G protein-coupled receptors, the TAS1R receptors, participate in taste perception. TAS1R3 and TAS1R2 form a heterodimer that recognizes sweetness; TAS1R3 and TAS1R1 pair up to recognize amino acids such as monosodium glutamate. These three molecules are known to be expressed in human testes, but their function there has been unknown.
Bedrich Mosinger et al. took a closer look, showing that Tas1r3 is expressed primarily in haploid spermatids. They then generated mice with the human form of TAS1R3, which, unlike the mouse version, is inhibited by exposure to clofibrate, an antilipid medication. The researchers expressed this gene in mice deficient in both Tas1r3 and Gnat3, a gene encoding a G-protein subunit that is known to work with TAS1R molecules in taste perception.
When these mice were fed a normal diet, they were fertile. But when they were fed food laced with clofibrate, they became infertile: they had low sperm count, misshapen sperm, and signs of testicular degeneration. Male mice deficient in Tas1r3 and Gnat3 as well as the human gene were difficult to obtain from the researchers' crosses, but two such mice did emerge, and they had even more severe fertility defects than the other mice.
In other cells, TAS1R3 and GNAT3 are involved in signaling via cAMP. Similarly, the researchers provide evidence that cAMP signaling is defective in mice lacking TAS1R3 and GNAT3 signaling. Genes transcriptionally regulated by CREM (cAMP-response element modulator) were downregulated; some of these genes are known to be involved in various aspects of sperm development.
The findings have inspired headline writers (''tasticles''?), but they have more serious implications as well. Fibrates are commonly used to treat lipid disorders, and structurally related compounds include an anti-sweet food additive called lactisole and phenoxy-auxin herbicides, which are extensively used in agriculture and to keep lawns green. The effect of fibrates on male fertility is unknown, and toxicology tests in rodents would not be expected to show an effect of fibrates or related compounds on infertility, since the rodent molecules do not respond to these compounds.
The authors have identified a new toxicological risk to male fertility and, in their mouse model, have provided an in vivo screen of the effects of these xenobiotics. Putting Together a Primordial Germ Cell 
The researchers found that just three transcription factors seem to set the PGC gene program in motion: BLIMP1, PRDM14, and AP2c. Co-binding of BLIMP1 with the other factors mediates repression of genes involved in somatic cell fate, such as genes controlling differentiation and proliferation. AP2c and PRDM14 function mainly to induce genes specific to primordial germ cells, such as Nanos3. These three factors reinforce each other's expression and were shown to be sufficient to induce the differentiation into PGC when they were expressed in PGC precursor cells.
The researchers also examined the regulation of various factors involved in global DNA demethylation, a key event following PGC specification, and showed how these transcription factors cooperate to create the regulatory milieu that leads to this erasure. For instance, PRDM14 works with BLIMP1 to induce the expression of a gene encoding a key demethylase (Kdm3a) and to repress other regulators of methylation.
The study provides insight into how the epigenome is reset into a basal, naked state, findings that may be useful to translational researchers interested in modifying the epigenetic state of normal and diseased tissues. Two new studies help define the regulatory factors that go into making a gonad: One uses conventional genetic techniques to show how GATA4, a transcription factor, is essential to form an early embryonic structure that can give rise to either testes or ovaries. The other deploys a systems approach to identify potential regulators of sex determination, the process by which the bi-potential gonad assumes the male or female fate.
One of the first steps in formation of the somatic component of the gonad is the generation of the embryonic genital ridge, a thickened, multilayered structure that develops in mid-fetal life. Yueh-Chiang Hu et al. found that GATA4 operates upstream of genes previously implicated in the formation of the genital ridge [1] . For instance, mouse embryos conditionally deficient in GATA4 were unable to form the genital ridge and did not express early gonadal markers, including LHX9 (LIM homeobox protein 9) and Sf1 (steroidogenic factor 1). The study adds early embryonic ridge formation to the list of GATA4's many roles in development.
Another key step in gonad formation is differentiation of the bipotential genital ridge into either testes or ovaries. It has been known for some time that the transcription factor Sry, expressed on the Y chromosome, initiates the male fate. In the absence of Sry, the female fate prevails. Researchers have identified only some of the many other factors that participate in this process.
To begin to identify new genes, Steven C. Munger and Anirudh Natarajan et al. examined gene expression at several time points during early embryonic sex determination (Day 11 to 12) [2] . The researchers performed this analysis in two strains: one that is sensitive to male-to-female sex reversal (C57BL/6J) and one that is resistant (129S1/SvIJM). Several general patterns of gene regulation were observed in this 24-hour developmental window; for instance, in XY gonads the researchers observed temporal cascades of activation of testis pathway genes and subsequent waves of repression of genes associated with the ovarian pathway. C57BL/6J had a five-hour delay in both the activation and repression signatures compared to 129S1/ SvIMJ, which may account for the strains' differing sensitivity to sex reversal.
The researchers integrated this time course data with an earlier study that involved identifying potential regulatory genes through a method called eQTL (expression QTL) analysis. In the current study, they honed their predictions for candidate regulatory genes, developed an RNAi primary cell assay, and validated one candidate, Lmo4 (LIM domain only 4). Knockdown of this gene resulted in down-regulation of genes known to operate in the male pathway, providing evidence that it may regulate sex determination. Future studies should further analyze Lmo4 and other potential regulators identified by this method.
These two reports, along with another recent study of gene regulation in the primordial germ cells [3] , bring us closer to a comprehensive understanding of how testes and ovaries form. In 1967, evolutionary biologist Susumu Ohno developed a theory about the X chromosome: there would be little variability among placental mammals in that chromosome's sets of genes. This theory of an evolutionarily quiescent, uniform X chromosome, dubbed ''Ohno's law,'' has generally been upheld by more contemporary studies, with the exception of a few individual genes. But some regions of the X chromosome had been incompletely sequenced, in part because of technical difficulties.
X Chromosome Meddles in Male Germline
Jacob Mueller et al. have now completed a more fine-grained analysis of the mouse and human chromosome and found that more than 15 percent of X-linked genes violate Ohno's law. Curiously, many of these genes are found in duplicated regions and are also expressed in testicular germ cells.
Ohno grasped that the unique lifestyle of the X chromosome made it subject to different evolutionary constraints than the autosomes. For instance, he reasoned that gene swapping between the X chromosome and autosomes would be limited by dosage compensation. During this process, one X chromosome becomes inactivated-an evolutionary dead end for any newly inserted gene.
Bits of the X chromosome have been tough to sequence because they are in ''ampliconic'' regions, segmental duplications of more than 10 kb. Using an approach they previously developed, Mueller and colleagues took a close look at these regions. Their analysis showed that 18 percent of human and 23 percent of mouse X-linked genes are exceptions to Ohno's law in that they do not have orthologs in the other species. The majority of these exceptional genes were found in amplicons, and most of these genes were, surprisingly, expressed in male testicular germ cells-perhaps one way to avoid being constrained by dosage compensation.
The findings raise many questions about the mechanisms of evolution. For instance, the researchers traced the evolutionary origin of X-linked genes expressed in the male germline, independent of whether they followed Ohno's law, and found that the majority of such genes arose independently, through transposition or retrotransposition from autosomes or de novo on the X chromosome. The authors speculate that these curious genes, arising on the X and meddling in the male germline, may have had a crucial role in mammalian diversification and radiation. Some of these genes, for instance, map near hybrid male sterility loci, which are key contributors to speciation.
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